Abstract
Introduction
Rwanda has embarked on agricultural intensification. This is seen as prerequisite for agricultural production and hence economic development. Recent estimates show 3.2. Per cent for the period 2010-2011 (NISR 2011). The agriculture sector contributes about 31 per cent to the Gross Domestic Product (NISR, 2012; MINAGRI, 2011) . Similarly, the sector occupies more work forces about 79.5 per cent of the total population of which 86 per cent are women compared to 71.2% males. However, the population growth, although at a diminishing rate, is increasing posing the land size equation to be more complicated due to declining per capita farm size and land fragmentation into smaller pieces of land parcels. This situation makes difficult the option of increasing agricultural production through increased cultivated space. The alternative at hand is the crop intensification as sustained by the on-going Crop Intensification Program (CIP) initiated in the fall of 2007.
The CIP program represents part of aspects of the invisible hand of the Adam Smith"s classical theory linking agriculture and economic development. Through CIP, Rwandan Government is seeking how to intensify agricultural production and raise farmer"s income on existing small lands. For this reason, heavy investments are being to render marshlands cultivable, putting in place irrigation systems, facilitate inputs and mechanization to diversify and enhance the level of productivity in small farms (Kathiresan, 2012) . The question is to know the extent to what policy interventions in agriculture determine crop productivity. Scholars have argued for different factors explaining agricultural productivity across the world. These can be regrouped into different bio-physical characteristics of land resources, socio-economic characteristics of farmers, institutional factors such as markets and transaction costs, and intersectorial linkages. For the case of Rwanda, little interest has been made to show empirically how institutional factors explain agricultural productivity.
For example, Bizoza (2010) analysed farm, household, and institutionallevel effects on potato productivity in Nyamagabe District. The intention was to examine changes occurred in potato productivity and if these can be attributed to policy intervention in terms of bench terracing in the same District of the study area. Results from this study substantiated significant differences in potato yield between sample households over the period 2004 to 2009 and these are partly due to changes in some household characteristics (such as education and access to seeds) and the cultivation in bench terraces were found to be the major driving factors for potato productivity as measured in yield. An earlier study of Bizoza et al. (2004) in the same District of this study area also assessed the determinants of potato yield. Their findings from an analysis of a system of equations relating farm, household, and farm characteristics to investment in operating inputs and to potato yield also indicatethat area cultivated, liquidity, family size and farmer"s age all impact positively on investment in operating inputs, whichin turn had a positive impact on potato yield. Therefore, the aim of this study is to assess determinant factors of variation in agricultural productivity, with focus to policy intervention in the contest of the on-going Crop Intensification Program (CIP) and particular looking at the voucher system, land use consolidation, and irrigation as promoted by the Ministry of Agriculture in Rwanda.
The Rest of the paper is organized as follows. The second section provides research methods and materials as well as the empirical model opted for the data analysis. In section three we present and discuss the results while Section 4 concludes the paper with some policy recommendations.
Decade's Trends of crop yields in Nyamagabe District, Southern Province
The agricultural production trends observed are results of combination of different factors and efforts by different stakeholders. Farmers are working jointly with research and extension service providers (e.g. Rwanda Agricultural Board and NAEB under the Ministry of Agriculture). Academic institutions also contribute towards agricultural production in training qualified professionals in the very domain. Research leads to new technologies leading to higher yielding crop varieties, improved livestock breeding practices, more effective fertilizers and pesticides, and better farm management practices (MINAGRI, 2004) . Positive trends of the crop yield are partly explained by the different policy intervention in terms of facilitating farmer"s access fertilizers and improved seeds. It is under the voucher system that this facilitation is becoming possible. Imported fertilizers are used mainly for the crops promoted under the CIP such as maize, wheat, rice, and Irish potato. For example, in 2009 about 14,427 metric tonnes were imported and distributed among maize and wheat farmers at a subsidized rate of 50%. The overhead costs including transportation and administrative costs from Mombasa to rural areas are covered by the government. The quantity of imported fertilizers increased in 2010 (about 33500 metric tonnes) and in 2011 (22000 metric tonnes).Due to these efforts, among others, the use of fertilisers has substantially increased. Estimates from the third Integrated Household Living Survey (EICV3) show that use by farmer households of fertilisershas increased from 18% in 2005 to 38% in 2010/11. Use of chemical fertilisers-which is mostly imported -has increased from 11% to 29% for the same period compared to 7% -9% for organic fertilisers (NISR, 2012) . This is highly attributed to the imports in bulks of fertilisers by the (2012) shows that through the CIP, the government imported 43,500 tons for 2012A (DAP: 19 000 tons, Urea: 5000 tons, NPK: 19 500 tons).The count from crop assessment by MINAGRI 2012 (A) shows that 43.6% of inorganic fertilisers used by farmers are from MINAGRI, NAEB, and the District. These input-imports translate to greater farmer"s access to fertilisers and hence to increased crop yields. Table 1 Apart from the voucher system, land use consolidation is seen also important driving factor of the increased crop yields. The consolidation of fragmented holdings did result in improved agricultural productivity (FAO, 2003) . Land use consolidation goes with other land management practices. Soil erosion control and soil protection adheres mostly to the policy intervention. The same Integrated Household Living Survey by NISR (2012) indicates that about 84% of crop-producing households have at least one of their plots protected from erosion. This is highly observed in the Southern Province (93%) compared to other three province outside Kigali City with an average of 81% to 84%.
Model and Data
Data used to validate the assumptions of this paper were collected mainly from the Department of statistics of the Ministry of Agriculture in Rwanda and from a household sample survey. Secondary data were collected to describe the trends in agricultural productivity in Nyamagabe District, Southern Province in Rwanda. In addition, a household survey of 100 households selected randomly among program beneficiaries was conducted in two Cells of Kamegeri Sector (Kizi and Bwama) to assess at household level how policy interventions in terms of voucher system, land use consolidation and Irrigation have impacted the shift of agricultural productivity. Sampled households include those who have been supported by the government through the voucher system and those who have adopted the land use consolidation policy. Information collected include some socio-economic characteristics of sampled heads of households and perception related information on the shifting of agricultural production due to voucher system, land use consolidation and irrigation, all else. The following map shows the study area within Nyamagabe District, Southern Province. For the choice of the model we followed Maddala (1983) and Bizoza (2012) . The model to be estimated is a linear model regressing crop yield over land size, a dummy for land use consolidation, a dummy representing benefiting inputs through the voucher system, having irrigated areas and other social characteristics of the heads of households (gender, age, education, family size). How these social characteristics affects yield have been extensively discussed in the existing literature (e.g. Byringiroet al. 1996;Bizozaet al. 2007).With respect to the program components, their expected effects are positive. For example, access to inputs such as fertilizer and improved seeds has been greatly documented as enabling factor for improved yield in Rwanda. Due to different related transaction costs; it is assumed , all things remain, that facilitating farmers have access to these inputs through the voucher system allows them to improve land productivity and hence increase yield. Similarly, fragmented land parcels have been well indicated in the literature on Rwanda as a restraining factor for increased agricultural production as well as yields. Government of Rwanda initiated this land use consolidation towards increased agricultural production. Thus, we expect that land use consolidation affects positively crop yields, all equal.
We assume two latent response variable for the two equations with their respective explanatory variables. Equation 1 represents the perception of improved yield for the period 2002-2012 and particularly the period after 2007. Estimates of this equation helps to assess the effect of the CIP elements namely voucher system, land use consolidation and irrigation on the perception of improved yield for the same period. Given that the CIP program is promoted to increase food security and reduce rural poverty; we specified equation 2 to determine the indirect effect of the voucher system on food security and household income. Therefore, equation 2 represents the perception of improved food security (with focus to food availability dimension) and increased household income. Thus, equation 2 contains predicted variable of the first equation to take into account of the possible indirect effect of the first equation in equation 2. We use the Probit Maximum Likelihood (Probit ML) to estimate equation 1 while the classical two-stage least square (2-SLS) to estimate equation 2. Given that the system is recursive and has some endogenous explanatory variables with no restriction on parameters, the 2-SLS method can be applied to estimate the whole system equation (Bizoza, 2012) . Similarly, the fact that each equation of the system has at least one variable that does not appear in the other equation, the condition for identification holds (Maddala,1983:120 
Empirical Results
The first attempt in looking at the difference in crop yield for the period before and after 2007 that is 2002 A -2007A and 2008 A-2012 A; we computed mean difference for sample crops namely maize, beans, Irish potato, and Cassava for about 20agricultural seasons. The choice of these crops was guided by the crops cultivated in the area and that are among the priority crops as per CIP. The Two-sample Mann-Whitney test show statistically significant difference (at 5% and 1% levels) between the two periods for these crops. Table 4 establishes the mean difference of crop yield for the above period. But it does not tell attributes of this difference which may vary from different factors including those that are farmer or site specific and those linked to policy interventions. Results in Table 5 show the estimates of the specified equations/models. The intention in model specification was to assess the impact of the policy intervention in crop yield, with focus to the voucher system and land use consolidation. The survey asked farmers if they perceive improved crop productivity or yield for the period 2002-2011 and particularly the period after 2007 when the voucher system and land use consolidation were introduced (Yes=1, and 0 if otherwise). Among all specified parameters, only the voucher system and the head"s formal education were found statistically significant at 5 % and 10% levels of significance, respectively. This result postulates that the observed change in crop yield for sample crops is highly explained by subsidized fertilisers and improved seeds through the voucher system, among other factors. The marginal effect of the voucher system was also found statistically significant for the two equations (Z= 2.41 P> [Z] =0.016 and Z= 2.77, P> [Z] =0.006). Significant levels: * P  0.1, ** P  0.05, *** P  0.01 The effect of land use consolidation was also estimated to see if there is a differential effect on improved yield. The estimate shows a negative and not statistically significant effect. This is consistent with the descriptive mean value ( Table 3 ) that shows only 27% would have consolidated the use of land for at least one of their plots. The land use consolidation program is still on-going and yet requires more enabling conditions beyond input subsidies; leading to more adoption of land use consolidation both in the marchlands and the hillsides.
Information in the above
The Two Stage Least Square (2-SLS) estimates of the perceived change in food security and household income sustain an indirect and statistically significant effect (at 10% significance level) of voucher system on food security. But this perception of improved food security is more likely seen in terms of foo availability dimension of food security which in turn is highly correlated with the crop production. No significant effect (even at 15 % level) of the voucher system was estimated for the change in household income; but this was found to be positive. The implication of this result would probably mean that no indirect effect of the voucher system in changing household income and hence reducing poverty among sample population.
Conclusion and Discussion
The article attempts to assess the effect of policy interventions in increasing crop yield in Nyamagabe District, with focus to the voucher system. Information used for the analysis was collected at household level in two cells of Nyamagabe District namely Bwama and Kizi. Descriptive results show relatively positive trends of crop yields for the period 2002 to 2012 (A). Crop yields of maize and beans seem to be somewhat stable compared to cassava and Irish potatoes. More explanations may be provided including differentials in use of fertilisers and improved seed varieties among these different crops. Secondly, maize and bean seem to be more food crops for substance; therefore they attract more farmers" interest. Irish potatoes and cassava are also cultivated but they tend to be more for commercial interests.
The comparison of mean crop yield between the period before (2002A -2007) and after (2008-2012A) show that the means of crop yields for maize, bean, Irish potatoes, and cassava for the two period are very statistically different. Although, these difference can not solely attributed to policy interventions; but there indication that the CIP elements -subsidised inputs through the voucher system played major role. To validate these macro-level findings, the Probitand Instrumental variable models were estimated to establish the marginal effects of these policy interventions on agricultural productivity. Findings substantiate that the voucher system has significant marginal effects on change in crop yield (measured by farmer"s perception) at 5% level of significance (Z= 2.41 P> [Z] =0.016 and Z= 2.77, P> [Z] =0.006).
We also investigated whether farmers perceive improved food security and household income -the two major goals of the CIP-and if there is an indirect effect of the policy intervention via the voucher system. Results show that about 70% of the sample respondents sustain that food security has improved in the last decade. The estimate of the voucher system is also found positive and statistically significant at 5% level; meaning that policy intervention through the voucher system has contributed in securing food at household level in terms of food availability. The marginal effect of the voucher system of dy/dx= 0.560 guides to put into perspective the role of input subsidies in agricultural productivity in Rwanda.
Results of this paper, although studied at a lower scale, give some indication on government"s hand in the agricultural transformation in Rwanda. At the same time, these results brings some research and development questions. For example, what will happen if the government pulls out his hand in direct support towards agricultural transformation and specifically in input distribution as currently envisaged? The option at hand is the transfer of such responsibility to the private sector and farmers. But, there is little likelihood that the private sector or farmers themselves will take the lead and sustain the observed tremendous increments in agricultural production. This requires more and careful institutional arrangements and environment to facilitate the transfer of this noble task from the government to the private sector. Secondly, given that the observed change in crop yield depends heavily on policy intervention; what are further policy innovations and interventions that will allow farmers maintain the same momentum of crop yield which in turn is upon farmer"s socio-economic conditions. More research is needed at a larger scale to inform on farmers" ability to finance their farming activities and what other support models that the government of Rwanda may follow to support farmers in a sustainable way.
